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Abstract Low back pain (LBP) is a common and dis-
abling disorder in western society. The management of LBP
comprises a range of different intervention strategies
including surgery, drug therapy, and non-medical inter-
ventions. The objective of the present study is to determine
the effectiveness of physical and rehabilitation interven-
tions (i.e. exercise therapy, back school, transcutaneous
electrical nerve stimulation (TENS), low level laser ther-
apy, education, massage, behavioural treatment, traction,
multidisciplinary treatment, lumbar supports, and heat/cold
therapy) for chronic LBP. The primary search was con-
ducted in MEDLINE, EMBASE, CINAHL, CENTRAL,
and PEDro up to 22 December 2008. Existing Cochrane
reviews for the individual interventions were screened for
studies fulﬁlling the inclusion criteria. The search strategy
outlined by the Cochrane Back Review Groups (CBRG)
was followed. The following were included for selec-
tion criteria: (1) randomized controlled trials, (2) adult
(C18 years) population with chronic (C12 weeks) non-
speciﬁc LBP, and (3) evaluation of at least one of the main
clinically relevant outcome measures (pain, functional sta-
tus, perceived recovery, or return to work). Two reviewers
independently selected studies and extracted data on study
characteristics, risk of bias, and outcomes at short, inter-
mediate, and long-term follow-up. The GRADE approach
was used to determine the quality of evidence. In total 83
randomized controlled trials met the inclusion criteria:
exercise therapy (n = 37), back school (n = 5), TENS
(n = 6), low level laser therapy (n = 3), behavioural
treatment (n = 21), patient education (n = 1), traction
(n = 1), and multidisciplinary treatment (n = 6). Com-
pared to usual care, exercise therapy improved post-treat-
ment pain intensity and disability, and long-term function.
Behavioural treatment was found to be effective in reducing
pain intensity at short-term follow-up compared to no
treatment/waiting list controls. Finally, multidisciplinary
treatment was found to reduce pain intensity and disability
at short-term follow-up compared to no treatment/waiting
list controls. Overall, the level of evidence was low. Evi-
dence from randomized controlled trials demonstrates that
there is low quality evidence for the effectiveness of exer-
cise therapy compared to usual care, there is low evidence
for the effectiveness of behavioural therapy compared to no
treatment and there is moderate evidence for the
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DOI 10.1007/s00586-010-1518-3effectiveness of a multidisciplinary treatment compared to
no treatment and other active treatments at reducing pain at
short-term in the treatment of chronic low back pain. Based
on the heterogeneity of the populations, interventions, and
comparison groups, we conclude that there are insufﬁcient
data to draw ﬁrm conclusion on the clinical effect of back
schools, low-level laser therapy, patient education, mas-
sage, traction, superﬁcial heat/cold, and lumbar supports for
chronic LBP.
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Background
Low back pain (LBP) is related to disability and work
absence and accounts for high economical costs in wes-
tern societies [1]. The management of LBP comprises a
range of different intervention strategies including sur-
gery, drug therapy, and non-medical interventions. During
the last years, a large number of randomized controlled
trials (RCTs) have been published and these have been
summarized in systematic reviews. Most of these sys-
tematic reviews focus on the effectiveness of a single
intervention and describe the effectiveness on the differ-
ent types of LBP. The current study presents an up-
to-date overview on the current literature on physical and
rehabilitation medicine in patients with chronic LBP. The
physical and rehabilitation medicine interventions include
exercise therapy, back schools, transcutaneous electrical
nerve stimulation (TENS), superﬁcial heat or cold, low-
level laser therapy (LLLT), individual patient education,
massage, behavioural treatment, lumbar supports, traction,
and multidisciplinary rehabilitation. This systematic
review will provide an overview on these physical and
rehabilitation medicine interventions applied in chronic
LBP patients and its effectiveness.
Criteria for considering studies for this review
A study must fulﬁl the following inclusion criteria to be
included in this review.
Types of studies
Only RCTs were included.
Types of participants
The study population should consist of adults, older than
18 years, with non-speciﬁc chronic LBP that persisted for
12 weeks or more.
Randomized controlled trials (RCTs) including subjects
with speciﬁc LBP caused by pathological entities, such as
vertebral spinal stenosis, ankylosing spondylitis, scoliosis,
and coccydynia were excluded. The diagnosis for these
speciﬁc entities had to be conﬁrmed by means of an MRI or
another diagnostic tool. Trials on post-partum LBP or
pelvic pain due to pregnancy as well as post-operative
studies and prevention studies were also excluded.
Types of interventions
Randomized controlled trials (RCTs) studying the follow-
ing physical and rehabilitation interventions were included
in this overview: exercise therapy, back schools, transcu-
taneous electrical nerve stimulation (TENS), superﬁcial
heat or cold, low-level laser therapy (LLLT), individual
patient education, massage, behavioural treatment, lumbar
supports, traction, and multidisciplinary rehabilitation.
Exercise therapy was deﬁned as ‘‘a series of speciﬁc
movements with the aim of training or developing the body
by a routine practice or physical training to promote good
physical health’’ [2].
A back school was deﬁned as consisting of educational
and skills acquisition program, including exercises, in
which all lessons were given to groups of patients and
supervised by a paramedical therapist or medical spe-
cialist [3].
All standard modes of transcutaneous electrical nerve
stimulation (TENS) were considered in this review. TENS
is a non-invasive therapeutic modality. TENS units
stimulate peripheral nerves via skin surface electrodes at
well-tolerated intensities and are capable of being self-
administered [4].
Superﬁcial heat or cold included all kinds of heat or
cold therapies, such as ice, cold towels, cold gel packs, ice
packs, and ice massage; hot water bottles, heated stones,
soft-heated packs ﬁlled with grain, poultices, hot towels,
hot baths, saunas, steam, heat wraps, heat pads, electric
heat pads, and infrared heat lamps [5]. Spa therapy
(balneotherapy) was excluded.
Low-level laser therapy (LLLT) is a light source that
generates pure light of a single wavelength with non-
thermal effects [6]. For this intervention, all types of
LLLT, including all wavelengths, are included.
Patient education was deﬁned as ‘‘a systematic experi-
ence, in a one-to-one situation, that consists of one or more
20 Eur Spine J (2011) 20:19–39
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and behaviour modiﬁcation techniques, which inﬂuence the
way the patient experiences his illness and/or his knowl-
edge and health behaviour, aimed at improving or main-
taining or learning to cope with a condition’’ [7].
Massage was deﬁned as soft tissue manipulation using
the hands or a mechanical device [8].
Behavioural treatments included operant, cognitive, and
respondent treatments or a combination of these treatments.
Each of these focus on the modiﬁcation of one of the three
response systems that characterize emotional experiences:
behaviour, cognition, and physiological reactivity [9].
Lumbar supports included any type of lumbar support,
ﬂexible or rigid, used for the treatment of chronic non-
speciﬁc LBP [10].
The intervention traction included any type of
traction, such as mechanical traction, manual traction
(unspeciﬁc or segmental traction), computerized traction,
auto traction, underwater traction, bed rest traction,
inverted traction, continuous traction, and intermitted
traction [11].
Finally, the multidisciplinary treatment included multi-
disciplinary bio-psychosocial rehabilitation with minimally
one physical dimension and one of the other dimensions
(psychological or social or occupational) [12].
For all types of interventions, additional treatments were
allowed, provided that the intervention of interest was the
main contrast between the intervention groups included in
the study.
Types of outcome measures
The following self-reported outcome measures were
assessed in this review: pain intensity (e.g. visual analogue
scale (VAS), McGill pain questionnaire), back-speciﬁc
disability (e.g. Roland Morris, Oswestry Disability Index),
perceived recovery (e.g. overall improvement), return to
work (e.g. return to work status, sick leave days), and side
effects. The primary outcomes for this overview were pain
and physical functional status. Studies with a follow-up
less than one day were excluded.
Search methods for identiﬁcation of studies
Existing Cochrane reviews of the 11 interventions were
screened for studies fulﬁlling the inclusion criteria. Addi-
tionally, a search was conducted in MEDLINE, EMBASE,
CINAHL, CENTRAL, and PEDro up to 22 December
2008. The searches were updated from the last date of the
literature search in the Cochrane reviews.
References from the relevant studies were screened, and
experts were approached in order to identify any additional
primary studies not identiﬁed in the previous steps. The
language was limited to English, Dutch, and German,
because these were the languages that the review authors
were able to read and understand. The search strategy
outlined by the Cochrane Back Review Group (CBRG) was
perused. Two reviewers working independently from each
other conducted the electronic searches.
Methods of the review
Study selection
Three authors (MM and SR/TK) independently screened
the abstracts and titles retrieved by the search strategy and
applied the inclusion criteria to all these abstracts. Full text
of the article was obtained if the abstract seemed to fulﬁl
the inclusion criteria or if eligibility of the study was
unclear. All full text articles were compiled and screened
on inclusion criteria by the two authors, independently.
Any disagreements between the authors were resolved by
discussion and consensus. A third author was consulted if
disagreements persisted.
Assessment of risk of bias in included studies
Two reviewers (MM, SMR) conducted the risk of bias
assessment, independently. Risk of bias of the individual
studies was assessed using the criteria list advised by the
CBRG, which consists of 11-items. Items were scored as
positive if they did fulﬁl the criteria and negative when
there was a clear risk of bias, and marked as inconclusive if
there was insufﬁcient information. Differences in assess-
ment were discussed during a consensus meeting. A total
score was computed, and high quality was deﬁned as ful-
ﬁlling six or more (more than 50%) of the internal validity
criteria (range 0–11).
Data extraction
The same two review authors who performed the risk of
bias assessment conducted the data extraction, indepen-
dently from one another. Data were extracted onto a
standardized web-based form. The following data were
extracted from the studies: (1) characteristics of the studies:
number of participants, gender, age, setting, and duration
of complaints; (2) characteristics of the interventions: the
type, frequency, duration, co-interventions, and control
intervention; (3) characteristics of the outcomes: outcome
measures, instruments, and scores (e.g. mean, median,
standard deviation, and conﬁdence interval).
Eur Spine J (2011) 20:19–39 21
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Comparison therapies were combined into main clusters of
presumed effectiveness (no treatment/waiting list controls,
other interventions). Separate analyses were planned for:
(1) each type of intervention, (2) each type of control, (3)
each main outcome measure, and (4) time of follow-up
(post-treatment; short-term (closest to 3 months), inter-
mediate (closest to 6 months), and long-term (closest to
12 months) follow-up).
If trials reported outcomes only as graphs, the mean
scores and standard deviations were estimated from these
graphs (Supplementary material).
For continuous data results are presented as weighted
mean differences (WMD). All scales were converted to
100-point scales. For dichotomous data, a relative risk
(RR) was calculated, and the event was deﬁned as the
number of subjects recovered. A test for heterogeneity was
calculated using the Q-test (Chi-square) and I
2. Conﬁdence
intervals (95%CI) were calculated for each effect. A ran-
dom effects model was used and funnel plots were exam-
ined for publication bias.
If standard deviations were not reported, we calculated it
using reported values of conﬁdence intervals if possible. If
the standard deviation of the baseline score was reported,
this score was forwarded. Finally, if none of these data
were reported, an estimation of the standard deviation was
based on study data (population and score) of other studies.
To correct for bias introduced by ‘‘double-counting’’ of
subjects of trials that had two control groups in the same
meta-analyses, the number of subjects of these trials were
divided by two.
Quality of evidence
Grades of Recommendation, Assessment, Development,
and Evaluation (GRADE) were used to evaluate the overall
quality ofevidence andthestrengthofthe recommendations
[13]. Quality of evidence of a speciﬁc outcome was based
upon four principal measures: (1) limitations (due to for
example, study design), (2) consistency of results, (3) indi-
rectness (e.g. generalizability of the ﬁndings), (4) precision
(e.g. sufﬁcient data), and (5) other considerations, such as
reporting bias. Theoverallqualitywas consideredtobehigh
when RCTs with a low risk of bias provide consistent, suf-
ﬁcient,andpreciseresultsforaparticularoutcome;however,
the quality of the evidence was downgraded by one level
when one of the factors described above was not met. The
following grades of evidence were applied:
High quality: Further research is very unlikely to
change our conﬁdence in the estimate
of effect.
Moderate quality: Further research is likely to have an
important impact on our conﬁdence in
the estimate of effect and may change
the estimate.
Low quality: Further research is very likely to have
an important impact on our
conﬁdence in the estimate of effect
and is likely to change the estimate.
Very low quality: We are very uncertain about the
estimate.
Toimprovethereadabilityofthisreview,aGRADEtable
was completed only when we completed a meta-analysis.
Results
Description of studies
Of the 11 existing Cochrane reviews a total of 114 full text
articles were screened for eligibility. Of these 114 articles,
58 studies fulﬁlled the inclusion criteria and were included.
Additionally, 1,825 new relevant titles and abstracts were
identiﬁed and screened for potential inclusion (Fig. 1). Of
these, 127 full text articles were evaluated of which a total
of 35 studies fulﬁlled the inclusion criteria.
After removing duplicates, 83 studies were included,
comprising the following subjects: exercise therapy
[14–50]( n = 37), back schools [51–55]( n = 5), TENS
[56–61]( n = 6), low-level laser therapy [62–64]( n = 3),
massage [65–67]( n = 3), behavioural treatment [68–88]
(n = 21), patient education [89]( n = 1), traction [90]
(n = 1), and multidisciplinary treatment [91–96]( n = 6).
Multiple publications were found for Bendix et al. [15,
92, 97], Gudavalli et al. [26, 98, 99], Ha ¨rka ¨pa ¨a ¨ et al. [96,
100–102], Niemisto ¨ et al. [35, 103], Smeets et al. [41, 104],
and Tavaﬁan et al.[54, 105]. Information from all publi-
cations was used for assessment of risk of bias and data
extraction, but only the ﬁrst or most prominent publication
was used for citation of these studies.
The study characteristics of all included studies are
presented in Table 1.1 to 1.9 in Supplementary material.
A total of 8,816 patients were included. Most patients were
included in the exercise studies (n = 3,957), followed by
the behavioural studies (n = 2,062), and multidisciplinary
studies (n = 1,229). A total of 50 studies (60%) reported
on the outcome pain intensity, measured with a VAS or
numerical rating scale (NRS). In total, 11 studies (13.3%)
did not report on the outcome pain.
Risk of bias assessment
The results of the risk of bias assessment are shown in
Table 1. All studies were described as randomized,
22 Eur Spine J (2011) 20:19–39
123however, the method of randomization was only explicit
in 56.6% (n = 47) of the studies. Only 28 studies
(33.7%) met six or more of the criteria, which was our
preset threshold for low risk of bias. Only the criteria
regarding the baseline characteristics, timing of outcome
measures, and description of dropouts were met by 50%
or more of the included randomized trials. Compliance of
the interventions was clearly acceptable in only 37.3%
(n = 31).
Effects of intervention
The effectiveness of exercise therapy
Exercise therapy versus waiting list controls/no treatment
Eight studies [14, 23, 24, 36, 40, 41, 43, 48] were identiﬁed
as comparing some type of exercise therapy to waiting
list controls or no treatment. Five studies reported
Potentially relevant new 
publications identified and 
screened for retrieval (n=1825) 
Full text articles evaluated 
(n=127) 
Papers excluded on basis of 
title and abstract (n=1273) 
Excluded:
(Sub)acute (n=22) 
Mixed population (n=25) 
Language (n=2) 
Intervention (n=11) 
Specific low back pain (n=12) 
Already in Cochrane (n=6) 
Not randomized (n=7) 
No correct outcome measures 
(n=3) 
Same study results (n=4) 
Articles from existing 
Cochrane reviews (n=58): 
Exercise (n=18) 
Back schools (n=3) 
TENS (n=5) 
Superficial heat cold (n=0) 
Low Level Laser (n=4) 
Massage (n=2) 
Behavioral treatment (n=15) 
Patient education (n=4) 
Traction (n=1) 
Lumbar Support (n=0) 
Multidisciplinary (n=6) 
Publications included 
(n=35)
Included studies (n=35): 
Exercise therapy (n=19) 
Back schools (n=3) 
TENS (n=2) 
Superficial heat cold (n=0) 
Massage (n=1) 
Low Level Laser (n=0) 
Behavioral treatment (n=8) 
Traction (n=1) 
Lumbar Support (n=0) 
Multidisciplinary (n=1)
Total number of studies included 
(n=93) 
Duplicates (n=10) 
Number of included 
studies for chronic low 
back pain (n=83)
Fig. 1 Flow diagram of
systematic review inclusion and
exclusion of articles for non-
medical treatments for chronic
low back pain
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123post-treatment data only, because after the treatment period
thewaitinglistcontrolsalsoreceivedthetreatment.Onlytwo
studies [14, 41] had intermediate or long-term follow-up.
All studies reported data that could be used in the sta-
tistical pooling. The pooled mean difference of the ﬁve
studies reporting post-treatment pain intensity was not
statistically signiﬁcant (-4.51 [95%CI -9.49; 0.47]). The
WMD for post-treatment improvement in disability was
-3.63 [95%CI -8.89; 1.63]. The pooled mean WMD for
pain intensity at intermediate follow-up was -16.46
[95%CI -44.48; 11.57]. Only one study (102 people)
reported intermediate outcomes for disability and long-
term outcomes for pain intensity and disability. There were
no differences between the groups receiving exercise
therapy and the waiting list control group.[41].
Therefore, there is low quality evidence (serious limita-
tions, imprecision) that there is no statistically signiﬁcant
difference in pain reduction and improvement of disability
between exercise therapy and no treatment/waiting list
controls.
Exercise therapy versus usual care/advise to stay active
A total of six studies [28, 35, 45, 49, 50, 106] investigated
the effect of exercise therapy compared to usual care. Four
of these studies had an intermediate or long-term follow-
up. Statistical pooling of three studies [49, 50, 106] showed
a signiﬁcant decrease in pain intensity and disability in
favour of the exercise group (WMD -9.23 [95%CI
-16.02; -2.43]) and -12.35 [95%CI -23.00; -1.69],
respectively. One study [49] reported on pain and disability
at short-term follow-up, and found no statistically signiﬁ-
cant differences between the exercise group and the control
group receiving home exercises. Two studies [35, 106]
showed a statistically signiﬁcant pooled WMD for dis-
ability at intermediate follow-up of -5.43 [95%CI -9.54;
-1.32]. One study [35] found a statistically signiﬁcant
difference at intermediate follow-up for pain relief for the
exercise group compared to the usual care group. Three
studies [45, 103, 106] reported on pain and/or disability at
long-term follow-up. The pooled WMD for pain was not
statistically signiﬁcant (-4.94 [95%CI -10.45; 0.58]); the
WMD for disability was statistically signiﬁcant in favour
of the exercise group (WMD -3.17 [95%CI -5.96;
-0.38]).
One study [28] reported recovery at post-treatment and
during intermediate and long-term follow-up. There was a
statistically signiﬁcant difference between the groups at 3
and 6 months follow-up in favour of the exercise group
compared with usual care (p\0.001). As much as 80% of
the patients in the exercise group regarded themselves as
recovered at 3 months follow-up versus 47% in the usual
care group.
There is low quality evidence (serious limitations,
imprecision) for the effectiveness of exercise therapy
compared to usual care on pain intensity and disability.
Exercise therapy versus back school/education
Four studies, three with a high risk of bias, were identiﬁed
[19, 25, 39, 44]. Post-treatment results for disability were
reported in two studies, with a signiﬁcant pooled WMD of
-11.20 [95%CI -16.78; -5.62]. One study reported on
pain post-treatment and found no statistically signiﬁcant
difference between both the intervention groups [44]. The
pooled mean differences for pain and disability at 3 months
follow-up were -7.63 [95%CI -17.20; 1.93] and -2.55
[95%CI -10.07; 4.97], respectively.
Two studies [19, 25] reported intermediate outcomes on
painandthreestudies[19,25,39]reportedondisability.The
pooled WMDs showed no statistically signiﬁcant differ-
ences between the groups: –5.58 [95%CI -16.65; 5.48] and
-4.42 [95%CI -9.90; 1.05], respectively. Only one study
(n = 346) reported long-term outcomes, and these were not
statistically signiﬁcantly different between the groups [25].
The data provided very low quality evidence (serious
limitations, imprecision, and inconsistency) that there was
no statistically signiﬁcant difference in effect on pain and
disability at short- and intermediate follow-up for exercise
therapy compared to back school/education.
Exercise therapy versus behavioural treatment
Three studies, one with a low risk of bias, were identiﬁed
comparing exercise therapy with a behavioural treatment
[17, 41, 43]. Two studies reported post-treatment pain and
disability and the pooled WMDs were 1.21 [95%CI -5.42;
7.84] and 0.34 [95%CI -2.64; 3.31], respectively.
All three studies reported intermediate and long-term
follow-up on pain intensity and disability. For intermediate
follow-up the pooled WMDs for pain and disability were
-2.23 [95%CI -7.58; 3.12] and 1.97 [95%CI -3.55; 7.48],
respectively. Long-term results showed a pooled WMD for
pain intensity of -0.88 [95%CI -6.34; 4.58] and a pooled
WMD for disability of 2.77 [95%CI -3.43; 8.96].
There is low quality evidence (serious limitations,
imprecision) that there are no statistically signiﬁcant dif-
ferences between exercise therapy and behavioural therapy
on pain intensity and disability at short- and long-term
follow-up.
Exercise therapy versus TENS/laser therapy/ultrasound/
massage
Five studies, two with a low risk of bias, were identiﬁed
comparing exercise therapy with passive therapies, such as
Eur Spine J (2011) 20:19–39 27
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apy, and ultrasound [16, 18, 27, 30, 49]. The pooled WMD
for post-treatment pain intensity was -9.33 [95%CI
-18.80; 0.13] and for post-treatment disability -2.59
[95%CI -8.03; 2.85]. Two studies [18, 49] reported on
short-term pain intensity and disability and the pooled
mean differences were 1.72 [95%CI -6.05; 9.50] and 1.02
[95%CI -0.38; 2.42], respectively. One study with a low
risk of bias [30] reported intermediate and long-term out-
comes, and found a statistically signiﬁcant difference for
pain intensity of 16.8 and 21.2 points, respectively, in
favour of exercise therapy. Also a statistically signiﬁcant
difference was found for disability.
Low quality evidence (serious limitations, inconsis-
tency, and imprecision) was provided that there is no sta-
tistically signiﬁcant difference in effect between exercise
therapy compared to TENS/laser/ultrasound/massage on
the outcomes pain and disability at short-term follow-up.
Exercise therapy versus manual therapy/manipulation
Five studies, two with a low risk of bias, were identiﬁed
comparing exercise treatment with spinal manipulation or
manual therapy [21, 25, 26, 34, 47]. Post-treatment data
were available for three studies. The pooled WMDs for
pain intensity and disability were 5.67 [95%CI 1.99; 9.35]
and 2.16 [95%CI –0.96; 5.28], respectively. One study
reported a statistically signiﬁcant difference in global
perceived effect post-treatment [21] in favour of spinal
manipulation. Two studies reported short-term effects on
pain intensity and disability and the pooled WMDs were
-1.33 [95%CI –10.11; 7.79] and 0.29 [95%CI -3.15;
3.72], respectively [25, 26]. Intermediate results on pain
and disability were reported by three studies [21, 25, 26]
and the pooled WMDs were -0.49 [95%CI –12.22; 11.23]
and 2.38 [95%CI –5.16; 9.93], respectively. All studies
reported long-term results on disability and the pooled
WMD -0.70 [95%CI -3.14; 1.74]. Four studies reported
long-term results on pain intensity and the pooled WMD
was 2.09 [95%CI -2.94; 7.13]. Global perceived effect
was reported by one study during intermediate and long-
term follow-up. No statistically signiﬁcant between group
differences were found in this study [21].
The data provided low quality evidence (inconsistency,
imprecision) that there was no statistically signiﬁcant dif-
ference in effect (pain intensity and disability) for exercise
therapy compared to manual therapy/manipulation at short-
and long-term follow-up.
Exercise therapy versus psychotherapy
One study with a high risk of bias was identiﬁed [32]. Post-
treatmentresultsshowedastatisticallysigniﬁcantdifference
in disability scores between both groups in advantage of the
exercise group. No post-treatment differences between both
groups were found for pain intensity. At 6 months follow-
up,bothdisabilityandpainintensityscoreswerelowerinthe
exercise group compared to the psychotherapy group, but
not statistically signiﬁcant.
Exercise therapy versus other forms of exercise therapy
As much as 11 studies compared different exercise inter-
ventions with each other [20, 21, 29, 31, 33, 37–39, 42,
46, 48]. Data of these studies could not be pooled because of
the heterogeneity of the types of interventions.
Two studies found statistically signiﬁcant differences
between different exercise interventions. One study [42],
with a high risk of bias, reported statistically signiﬁcant
difference in pain relief at 3 months follow-up of an
aerobic exercise training program compared with a lumbar
ﬂexion exercise program of 3 months. One large trial [21]
with a low risk of bias (n = 240) compared a general
exercise program (strengthening and stretching) with a
motor control exercise program (improving function of
speciﬁc trunk muscles) of 12 weeks. The motor control
exercise group had slightly signiﬁcantly better outcomes
(mean adjusted between group difference function 2.9 and
global perceived effect 1.7) than the general exercise group
at 8 weeks. Similar group outcomes were found at 6 and
12 months follow-up.
A total of eight studies did not ﬁnd any statistically
signiﬁcant differences between the various exercise inter-
ventions [20, 29, 31, 33, 37, 38, 46, 48]. Sherman et al. [39]
compared a 12-week yoga (viniyoga) program with a
12-week conventional exercise class program. Back-related
function in the yoga group was superior to the exercise
group at 12 weeks.
The effectiveness of back school
Back school versus waiting list controls/no treatment/usual
care
Three studies compared back school with waiting list con-
trols,notreatment,andausualcareclinicgroup[52,54,55].
Pain post-treatment was reported by 2 studies [52, 55] and
the pooled WMD was -4.64 [95%CI -13.65; 4.37]. Dis-
ability post-treatment was only reported by Ribeiro et al.
[55] and showed no statistically signiﬁcant difference
between both groups. Two studies [54, 55] reported short-
term follow-up data on disability and the pooled WMD was
-13.04 [95%CI-37.04; 10.95] infavour ofthe back school
intervention. One study [55] with a low risk of bias reported
on pain intensity at short-term follow-up and found no sta-
tistically signiﬁcant difference between both intervention
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disability at intermediate and long-term follow-up and no
signiﬁcant differences were found at both time points
between the back school group and the clinic group.
Due to serious limitations, inconsistency, and impreci-
sion, low quality evidence was provided that there is no
statistically signiﬁcant short-term difference in treatment
effect on pain and disability for a back school treatment
compared to waiting list controls/no treatment/usual care.
Back school versus active treatment
Two studies, one with a low risk of bias, were identiﬁed
comparing a back school treatment with an active treatment
[19, 53]. The pooled WMDs for pain intensity and dis-
ability at short-term follow-up were 4.75 [95%CI -2.13;
11.63] and 0.12 [95%CI -2.37; 2.61], respectively. At
intermediate follow-up, the pooled WMDs for pain inten-
sity and disability were -2.16 [95%CI -13.03; 8.71] and
0.05 [-3.59; 3.69], respectively.
Low quality evidence (serious limitations, inconsis-
tency, and imprecision) was provided that there is no sta-
tistically signiﬁcant difference in effect for back school
treatment compared to active treatments on pain and dis-
ability at short-term and intermediate follow-up.
Back school versus education/information
One study [51] with a high risk of bias was identiﬁed
comparing back school with given instructional material.
At 6 months follow-up, there was a statistically signiﬁcant
difference in pain intensity and disability in favour of the
back school group. At long-term follow-up (12 months),
there was still a signiﬁcant difference between both inter-
vention groups on the outcome disability, but not for pain
intensity, in favour of the back school group.
The effectiveness of transcutaneous electrical nerve
stimulation (TENS)
TENS versus sham treatment
Five studies, two with a low risk of bias, compared the
effectiveness of TENS with sham TENS or sham percuta-
neous electrical nerve stimulation (PENS). Four studies
[18, 56, 59, 61] described post-treatment results on pain and
the pooled WMD was -4.47 [95%CI -12.84; 3.89]. The
pooledWMDofpost-treatmentdisabilityoftwostudies[18,
61] was -1.36 [95%CI -4.38; 1.66]. Ghoname et al. [56]
reported on disability and found no signiﬁcant difference
between the TENS and sham-PENS group. The study of
Jarzem et al. [59] with a low risk of bias, compared TENS
with sham-TENS and demonstrated a signiﬁcant carry-over
effect with conventional TENS having a greater effect on
pain intensity than sham-TENS.
Two studies [18, 58] found no statistically signiﬁcant
difference between the TENS and sham TENS groups at
short-term follow-up.
The data provided low quality evidence (serious limi-
tations, heterogeneity) that there is no statistically signiﬁ-
cant difference on post-treatment pain intensity and
disability between TENS and sham-TENS.
TENS versus PENS/acupuncture
Four studies, all with a high risk of bias, compared the
effectiveness of TENS with acupuncture or PENS [56–58,
60]. Post-treatment results of two studies [56, 60] showed a
pooled WMD for pain intensity of 16.64 [95%CI 5.86;
27.41], in favour of the control group. Outcomes on short-
term pain intensity were reported in three studies [57, 58,
60]. The pooled WMD was 6.51 [95%CI -0.41; 13.44] in
favour of the PENS/acupuncture intervention. One study
[58], with a high risk of bias, reported no statistically
signiﬁcant difference on short-term disability.
Very low quality evidence (serious limitations, incon-
sistency, and imprecision) was provided that PENS/acu-
puncture is more effective than TENS for post-treatment
and short-term pain relief.
TENS versus active treatments
Two studies, of which one with a high risk of bias, com-
pared the effectiveness of TENS with active treatments [18,
56]. Ghoname et al. found no statistically signiﬁcant dif-
ference in pain intensity post-treatment between both
intervention groups. Deyo et al. [18] reported no statisti-
cally signiﬁcant difference on pain intensity, disability, and
recovery at short-term follow-up between TENS and
exercise therapy.
Conventional TENS versus biphasic new wave TENS
One study [58] with a high risk of bias investigated the
effectiveness of conventional TENS compared to biphasic
new wave TENS for the outcomes of pain and disability
post-treatment and at short-term follow-up. No statistically
signiﬁcant differences were found for both outcome mea-
sures at both time points.
The effectiveness of low-level laser therapy (LLLT)
Low-level laser therapy versus sham treatment
One study [64] with a low risk of bias, compared low-level
laser therapy treatment with sham laser therapy treatment
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quality evidence that LLLT was more effective in pain
relief at intermediate follow-up (44.7%) compared with
sham LLLT (15.2%).
Low-level laser therapy ? exercise versus
sham LLLT ? exercise
Results on pain and disability at post-treatment were
reported by one study [62] and no difference was found
between the intervention groups on both outcome
measures.
Two studies [62, 63] reported on pain intensity and
disability at short-term (3 months) follow-up. The pooled
analysis of these two small trials (n = 61) showed a sig-
niﬁcant difference in pain relief (WMD -13.57 [95%CI
-26.67; -0.47]). No difference was found on disability
between those who received LLLT plus exercise and those
who received sham LLLT ? exercise (WMD -5.42
[95%CI -23.55; 12.71].
Very low quality evidence was provided (serious limi-
tations, inconsistency, and imprecision) for the effective-
ness of LLLT ? exercise compared to sham LLLT ?
exercise on pain intensity at short-term follow-up, but not
for disability.
Low-Level laser therapy versus exercise
One study [27] compared the effectiveness of LLLT with
exercise therapy post-treatment. No statistically signiﬁcant
difference was found between both therapy groups on pain
level and disability.
The effectiveness of patient education
Patient education versus active non-educational
interventions
Three studies [25, 39, 51], one with a low risk of bias,
compared the effectiveness of patient education with
physiotherapy [25], Swedish Back School [51] and exer-
cise/yoga exercises [39].
Sherman et al. [39] compared the effectiveness of yoga
exercises and conventional exercises with education on the
outcome disability. Post-treatment, there was a statistically
signiﬁcant difference between the yoga exercise group and
the education group in favour of the yoga group (WMD
-3.4 [95%CI -5.1; -1.6]). No statistically signiﬁcant
difference was found between the conventional exercise
group and the education group.
Pain and disability at short-term follow-up were repor-
ted by Goldby et al. [25] and no signiﬁcant difference
between the education group and the exercise group was
found for both outcome measures at this time point.
Two studies [25, 51] reported on pain intensity at
intermediate follow-up and the WMD was -9.20 [95%CI
-23.55; 22.45].
Disability at intermediate follow-up was reported by
three studies [25, 39, 51]; the pooled WMD was 3.16
[95%CI –3.97; 10.29]. Long-term follow-up data on pain
intensity and disability were reported by two studies [25,
51] and the pooled WMDs were –5.54 [95%CI –15.80;
5.12] and –0.96 [95%CI –4.80; 2.88], respectively.
Due to serious limitations, inconsistency, and impreci-
sion, low quality evidence is provided that there is no
difference in effect at intermediate and long-term effect on
pain and disability for patient education compared to active
non-educational interventions.
Patient education: focus on anatomy versus focus
on neurosystem
One study [89] with a high risk of bias compared one-
on-one education with a focus on anatomy compared to a
focus on the neurosystem in 58 patients who presented
themselves at private rehabilitation clinics. Fifteen
weekdays after the ﬁrst session, a signiﬁcant reduction in
disability was found in the group with focus on the
neurosystem compared to the control group. However, no
differences on pain perception were found.
The effectiveness of massage therapy
Three studies [65–67] with a high risk of bias compared
massage therapy with relaxation therapy [65, 67] and
acupuncture massage [66]. Post-treatment, there was no
statistical signiﬁcant reduction in pain intensity in the
massage group compared to the control group; the pooled
WMD was –0.93 [95%CI –8.51].
Low quality evidence (serious limitations, imprecision)
was provided that there was no statistically signiﬁcant
difference in effect of massage therapy compared to pas-
sive interventions on pain intensity post-treatment.
The effectiveness of traction
One study [90]( n = 42) with a high risk of bias compared
motorized traction treatment plus standard physiotherapy
with standard physiotherapy only. No statistically signiﬁ-
cant differences were found on pain intensity, disability,
and recovery at post-treatment and after 3 months follow-
up between both intervention groups.
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As much as 21 randomized trials were identiﬁed investi-
gating the effectiveness of behavioural treatment in chronic
low back patients.
Behavioural treatment versus no treatment/waiting list
controls/placebo
A total of 12 studies, of which 3 studies [41, 74, 79] had a
low risk of bias, were identiﬁed comparing some type of
behavioural treatment to waiting list controls, no treatment,
or a placebo treatment.
Respondent therapy (progressive relaxation) Three
studies [82, 83, 85] compared progressive relaxation
(respondent therapy) with waiting list controls or placebo.
The pooled WMD post-treatment for pain intensity was
–19.74 [95%CI –34.32; -5.16] and –5.24 [95%CI –8.42;
-2.06] for disability. No short- or long-term results were
reported in these studies.
Respondent therapy (EMG biofeedback) A total of four
studies [70, 76, 79, 82] were identiﬁed comparing EMG
biofeedback (respondent therapy) with waiting list controls
or placebo. The WMD for pain intensity of the three
studies of which the data could be pooled was –8.67
[95%CI –13.59; -3.74]. Disability data were only avail-
able of 2 studies and the pooled WMD post-treatment was
–7.33 [95%CI –21.38; 6.73].
Operant therapy Four studies [41, 43, 74, 84], of which
three could be pooled, were identiﬁed comparing operant
therapy with waiting list controls. Post-treatment there
was a signiﬁcant reduction in pain intensity compared to
the waiting list controls (WMD –7.00 [95%CI -12.33;
-1.67]). The pooled WMD for disability was –2.87
[95%CI -7.15; 1.41]. No short- or long-term results
were reported in these studies. The study of Kole-Snij-
ders [74], with a low risk of bias, showed a signiﬁcant
decrease in negative affect, motoric behaviour and cop-
ing control in the operant behavioural treatment group
compared to the waiting list control group at post-
treatment.
Combined respondent and cognitive therapy Four studies
were identiﬁed comparing a combination of respondent and
cognitive behavioural treatment with waiting list controls.
The WMDs for post-treatment pain intensity and disability
were –12.74 [95%CI –24.10; -1.37] and –2.60 [95%CI
–6.48; 1.27], respectively. No short- or long-term results
were reported in these studies.
Cognitive therapy Two studies [69, 85] were identiﬁed
comparing the post-treatment effectiveness of cognitive
treatment compared with waiting list controls. The pooled
WMD for pain intensity was –12.67 [95%CI –20.26;
-5.08]. Post-treatment disability was only described by
Turner et al. in 1993 and a signiﬁcant decreased pain
intensity between the pre- and post-treatment was found for
the patients in the cognitive behavioural group, but not for
the waiting list control group. One study [69] with a high
risk of bias, reported on pain intensity at 3 months follow-
up and found no statistical signiﬁcant difference between
the internet-based cognitive therapy group and the waiting
list controls. One study [72] with a high risk of bias
reported on the intermediate follow-up effects of cognitive
therapy compared to waiting list controls. No statistically
signiﬁcant differences were found for pain intensity and
disability between both intervention groups at 6 months
follow-up.
Summarized, there is low quality evidence (serious
limitations, inconsistency) provided for the effectiveness of
behavioural therapy compared to no treatment/waiting list
controls/placebo for pain intensity and disability at short-
term follow-up.
Behavioural treatment in addition to an other treatment
versus the other treatment alone
Seven studies compared one type of behavioural treatment
plus an additional treatment with the additional treatment
alone [41, 43, 68, 77, 78, 81, 87]. Three studies [41, 43,
77], one with a low risk of bias, compared operant therapy
plus exercise/physiotherapy with exercise/physiotherapy
alone and the WMD for pain intensity and disability post-
treatment were –8.06 [95%CI –23.02; 6.91] and –1.43
[95%CI –3.68; 0.82], respectively. At intermediate follow-
up the WMD for pain and disability were respectively 0.40
[95%CI -5.00; 5.80] and 1.26 [95%CI -1.78; 4.29]. Four
other studies [68, 77, 78, 81] compared the effectiveness of
cognitive therapy in combination with a standard inpatient
program, physiotherapy, and usual GP care with these
treatments alone. The post-treatment WMD for pain and
disability were –0.03 [95%CI –6.72; 6.65] and –3.88
[95%CI –8.65; 0.89], respectively.
The pooled WMDs at intermediate follow-up showed no
statistically signiﬁcant differences on pain intensity and
disability (4.49 [95%CI -1.53; 10.50] and 1.29 [95%CI
–4.34; 6.91], respectively).
One study compared a combination of respondent
(biofeedback) and physiotherapy with physiotherapy alone
[87]. A signiﬁcant difference in favour of the combination
group was found for pain intensity post-treatment, but also
after 6 weeks and 6 months.
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and disability of –2.33 [95%CI –6.59; 1.93] and –1.82
[95%CI –3.88; 0.24], respectively. At 6 months follow-up
the total WMDs for pain intensity and disability were –0.72
[95%CI –8.13; 6.69] and 1.39 [95%CI -0.80; 3.59],
respectively.
Three studies [41, 43, 77] reported on the long-term
outcomes pain and disability. Three studies compared a
combination of operant behavioural treatment with exer-
cise therapy/physiotherapy with exercise/physiotherapy
alone. The WMDs for pain intensity and disability were
–1.23 [95%CI -7.29; 4.83] and 0.87 [95%CI –2.32; 4.06],
respectively. One study also compared a combination of
cognitive treatment with physiotherapy with physiotherapy
alone. We found a non-signiﬁcant total WMD for long-
term pain intensity and disability of –0.16 [95%CI –6.03;
5.70] and 0.85 [95%CI –2.28; 3.98], respectively.
Smeets et al. [41] compared operant therapy in combi-
nation with exercise with exercise therapy alone and was
the only study reporting on the outcome recovery. No
signiﬁcant differences were found post-treatment and at
6-months follow-up. However, a statically signiﬁcant dif-
ference in favour of the exercise group was found at
12 months follow-up.
Only two studies [68, 81] reported on return to work and
sick leave. Altmaier et al. [68] found that 48% in the
behavioural treatment group had returned to work after
6 months, compared to 67% in the control group. However,
this difference was not statically signiﬁcant. Schweikert
et al. [81] reported on the costs due to sick leave. During
follow-up, the costs were lower in the cognitive beha-
vioural group than in the usual care group.
Summarized, there is low to moderate quality evidence
(serious limitations, inconsistency) provided for not ﬁnding
an effect of behavioural therapy in addition to another
treatment compared to the other treatment alone in pain
intensity and disability at short- and long-term follow-up.
Behavioural treatment versus other kinds of treatment
A total of six studies compared some kind of behavioural
treatment with another treatment. Two studies [41, 43]
compared operant behavioural treatment with exercise
therapy, one study [88] compared operant therapy with
physiotherapy, one study [75] compared respondent ther-
apy (muscle relaxation) with self-hypnosis, one study [73]
compared cognitive treatment with usual GP care, and one
study [71] compared operant therapy and respondent
therapy (biofeedback) with education. All studies reported
on pain intensity, four studies reported on disability, and
two studies reported on global recovery.
Post-treatment pain intensity was reported by four
studies and the WMD for operant treatment was –1.61
[95%CI –6.83; 3.60] and for respondent (biofeedback)
therapy –11.33 [95%CI –22.81; 0.16; Q = 0.23, df 1]. The
total non-signiﬁcant WMD for post-treatment pain inten-
sity was –2.91 [95%CI -7.96; 2.13].
Disability post-treatment was reported by three studies,
all comparing operant therapy with exercise therapy/
physiotherapy and the total WMD was –0.32 [95%CI
–3.32; 2.68].
Short-term follow-up results were reported by four
studies [71, 73, 75, 88]. The WMD for pain intensity for
operant therapy was –1.86 [95%CI –9.97; 6.25], for
respondent therapy (biofeedback) –5.03 [95%CI -18.15;
8.10] and the total WMD for pain intensity was –5.00
[95%CI –10.08; 0.07]. Disability was reported by two
studies [73, 88], of which one had a low risk of bias, and
the total WMD for disability at short-term follow-up was
–0.84 [95%CI -5.23; 3.64].
Three studies, comparing an operant therapy with exer-
cise/physiotherapy reported on the intermediate outcomes
pain and disability and the WMDs were –0.11 [95%CI
–7.64; 7.42] and –0.28 [95%CI –4.16; 3.60], respectively.
Four studies, of which two with a low risk of bias,
reported on pain and disability at 12 months follow-up [41,
43, 73, 88]. The signiﬁcant WMD for pain intensity was
–6.05 [95%CI –10.70; -1.40] and the WMD for disability
was –2.04 [95%CI –5.19; 1.10].
Global perceived effect was reported by van der Roer
et al. [88] and by Smeets et al. [41] and both studies did not
ﬁnd statistically signiﬁcant differences between operant
behavioural treatment and exercise/physiotherapy, at post-
treatment and at 3, 6, and 12 months follow-up.
Summarized, there is low to moderate quality evidence
(serious limitations, and inconsistency) provided that there
is no difference in effect in pain intensity and disability at
short- and long-term follow-up for behavioural therapy
compared to other kinds of treatment.
Comparison among different types of behavioural
treatment
Cognitive versus operant One study [77]( n = 20) with a
high risk of bias compared cognitive to operant therapy. All
groups in this study also received a physiotherapy back-
education and exercise program. The operant therapy group
reported a signiﬁcantly greater improvement in general
function status, but not in pain intensity.
Cognitive versus respondent therapy Two studies
(n = 67) with a high risk of bias compared cognitive to
respondent therapy consisting of progressive muscle
relaxation training [83, 85]. The pooled WMD (n = 67) for
post-treatment pain intensity was –3.02 [95%CI -13.55;
7.52] and for disability 2.31 [95%CI -1.42; 6.04]. Only
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ability, and these outcomes were not statistically signiﬁ-
cantly different between the groups [85].
Due to serious limitations and imprecision, low quality
evidence is provided for that there is no effect at post-
treatment on pain and disability for cognitive compared to
respondent therapy.
Operant therapy versus respondent One study with a
high risk of bias compared operant therapy (relaxation
training) with respondent biofeedback therapy [71]. No
statically signiﬁcant differences were found on short- and
long-term (4 years) follow-up.
Cognitive-behavioural versus cognitive Only one study
(n = 33) with a high risk of bias included a comparison
between groups receiving cognitive-behavioural therapy
and cognitive therapy [85]. The cognitive-behavioural
therapy consisted of cognitive therapy plus progressive
muscle relaxation and imagery. There were neither post-
treatment nor long-term statistically signiﬁcant differences
between the groups on any of the outcome measures
(global improvement, disability, and pain intensity).
Cognitive-behavioural versus operant therapy Two
studies, one with a low risk of bias, were identiﬁed [74,
84]. One study compared cognitive-behavioural therapy to
operant therapy and found statistically signiﬁcant better
post-treatment results on pain behaviour, and physical
functioning with operant therapy, but no differences
between the groups after 6 and 12-month follow-up [84].
The second study reported better pain control post-treat-
ment with cognitive-behavioural therapy, but no other post-
treatment or long-term differences [74].
Cognitive-behavioural versus respondent therapy One
study (n = 28) with a high risk of bias was identiﬁed [76].
Cognitive-behavioural therapy was compared to EMG
biofeedback. No signiﬁcant differences were found
between the groups for pain or any of the outcome mea-
sures in the behavioural domain, at either post-treatment or
6-month follow-up.
Operant therapy: in vivo exposure versus graded acti-
vity One study (n = 85) with a low risk of bias compared
an exposure in vivo treatment with a graded activity pro-
gram [86]. No signiﬁcant differences on pain intensity and
disability at post-treatment or 6-month follow-up were
identiﬁed between both intervention groups.
Cognitive-behavioural treatment: group or individual
therapy One study compared the effectiveness of cogni-
tive-behavioural group treatment with individual treatment
[80]. No signiﬁcant effects of group membership (indi-
vidual vs. group) on pain intensity and disability were
demonstrated post-treatment and at 6 months follow-up.
The effectiveness of multidisciplinary treatment
Multidisciplinary treatment versus no treatment/waiting
list controls
Three studies were identiﬁed comparing a multidisciplin-
ary treatment with no treatment or waiting list controls [92,
93, 96]. Jackel et al. [93] reported on post-treatment pain
intensity and found a statistical signiﬁcant difference in
favour of the multidisciplinary treatment compared to the
waiting list controls.
Two studies [92, 96] reported on short-term pain
intensity and the signiﬁcant pooled WMD was –9.47
[95%CI -13.87; -5.07; Q = 0.11, df 1] and the pooled
WMD for disability was –8.84 [95%CI –18.49; 0.82;
Q = 2.51, df 1]. Long-term outcomes revealed no statisti-
cally signiﬁcant differences between a multidisciplinary
rehabilitation and no treatment. The long-term non-signi-
ﬁcant WMDs for pain intensity and disability were –9.27
[95%CI –27.86; 9.12; Q = 6.71, df 1] and –0.77 [95%CI
-4.62; 3.08; Q = 0.46, df 1], respectively. Therefore, there
is moderate quality evidence for the effectiveness of mul-
tidisciplinary treatment on short-term pain intensity com-
pared to no treatment/waiting list controls and there is
moderate quality evidence for not ﬁnding an effect on
disability and on long-term outcomes.
One study [92] reported on sick leave and found a sta-
tistically signiﬁcant difference at 4-months follow-up
between the treated and the non-treated group; the median
days of sick leave in the intervention group was 10 days
compared to 122 days in the control group.
Multidisciplinary treatment versus other kinds of active
treatment
Four studies [15, 91, 94, 95] were identiﬁed comparing a
multidisciplinary treatment with inpatient exercises [91],
physiotherapy [94], usual care [95], and exercise therapy
[15].
One study reported on post-treatment disability and
found no signiﬁcant difference between both intervention
groups [95].
Short-term pain intensity was reported in two studies
[15, 91] and the statistically signiﬁcant pooled WMD was
–11.55 [95%CI –19.68;-3.43]. One study [15] reported on
functional outcome and found a signiﬁcant difference
between both groups in favour of the multidisciplinary
treatment at short-term follow-up.
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intermediate pain intensity and disability and no statistically
signiﬁcant differences between the two groups were found.
Two studies [91, 94] reported on long-term pain inten-
sity and we found a non-signiﬁcant pooled WMD of –3.34
[95%CI –11.64; 4.97]. Only one study [94], with a low risk
of bias, reported on long-term (12 and 24 months) dis-
ability and found no statistically signiﬁcant difference
between multidisciplinary treatment and physiotherapy.
One study [15] with a low risk of bias, reported on work-
readiness and found a highly signiﬁcant difference between
the multidisciplinary intervention and the exercise inter-
vention; 75% of the patients in the multidisciplinary group
achieved work-readiness at 4 months compared to 42% in
the active treatment group. Another study with a low risk
of bias reported on sick leave and found no signiﬁcant
difference between both intervention groups, 1 and 2 years
after rehabilitation [94].
One study [15] with a low risk of bias reported on pain,
disability, and return to work after 5 years follow-up. No
signiﬁcant differences were found on pain intensity; how-
ever, patients in the multidisciplinary treatment group
showed a lower disability level compared to the patients in
the exercise group.
Summarized, there is moderate evidence for the effec-
tiveness of multidisciplinary treatment compared to other
kinds of active treatment on pain intensity at short-term
follow-up and there is also moderate evidence that there is
no statistically signiﬁcant difference on pain intensity at
long-term follow-up.
Outpatient versus inpatient multidisciplinary treatment
One study [96]( n = 316) with a high risk of bias compared
a 3-week inpatient back school rehabilitation program with
a 15-session outpatient back school rehabilitation program.
No statistically signiﬁcant differences were found between
both intervention groups at short-term as well as on the
long-term follow-up.
Discussion
In this review, 83 RCTs were included that evaluated the
effectiveness of physical and rehabilitation interventions
for non-speciﬁc chronic LBP.
The effectiveness of physical and rehabilitation
treatment strategies
No signiﬁcant treatment effects of exercise therapy com-
pared to no treatment/waiting list controls were found on
pain intensity and disability. Although, compared to usual
care, pain intensity and disability were signiﬁcantly
reduced by exercise therapy at short-term follow-up.
We found no difference in effectiveness of TENS and
sham TENS and there were also no differences between
TENS and active treatments. All types of behavioural
therapy were more effective in reducing pain intensity than
waiting list controls, but it is unknown whether this also
applies to back-speciﬁc function. Additionally, there are
some indications that the addition of behavioural compo-
nents can reduce sick leave and costs due to sick leave.
However, further research is encouraged to conﬁrm these
ﬁndings. Finally, multidisciplinary treatment was found to
be more effective in reducing pain intensity compared to no
treatment/waiting list controls and active treatments (e.g.
exercise therapy, physiotherapy, and usual care), and sick
leave is reduced at short-term follow-up.
Adverse events were not reported in any of the included
studies.
None of the signiﬁcant differences found in this over-
view study reached a difference larger than 10%, where in
most studies a difference of 15–20% is deﬁned as clinically
relevant. Therefore, the differences found in this overview
must be regarded as small and not clinically relevant.
Of particular note is the heterogeneity in some of the
analyses among the studies. This heterogeneity could have
been caused by differences in interventions, differences in
control groups, duration of the intervention, and the risk of
bias of the different studies. Therefore, the results of the
meta-analyses with heterogeneity should be interpreted
with some caution.
This review showed that behavioural therapy has an
effect on pain intensity. This is apparent because the aim of
behavioural therapy is not to treat pain, but to modify one
of the three response systems (behavioural, cognition, and
physiological reactivity [107]). The decrease in pain
intensity might be related to the combination of different
treatment strategies applied in a great number of the
included studies.
It was apparent that there were no studies identiﬁed
studying the effectiveness of lumbar support for the treat-
ment of chronic LBP and few studies were found for
massage therapy and traction. Therefore, further research is
encouraged to identify the effectiveness of these
interventions.
Two of the earlier conducted reviews on the described
interventions were conducted on chronic low back patients
only: behavioural therapy and TENS [4, 9]. Because we
applied strict criteria for ‘‘chronic low back pain’’, not all
studies included in that reviews were included in our
overview. When we compare the results of the study from
Ostelo et al. on behavioural treatment to ours, it is apparent
that Ostelo et al. found strong evidence in favour of a
combined respondent-cognitive therapy for medium
34 Eur Spine J (2011) 20:19–39
123positive effect on pain while we conclude to have low
quality evidence for the effectiveness of behavioural ther-
apy compared to no treatment/waiting list controls/placebo
for pain intensity and disability at short term [9]. This
difference is probably caused by the different inclusion
criteria used on chronic LBP and the different methods
used to deﬁne the level of evidence. If we compare the
conclusion of the Cochrane review from Khadilkar et al. on
the effectiveness of TENS versus placebo with our over-
view, we can conclude that the conclusions drawn are very
comparable; both conclude that TENS is not supported
compared to placebo in the management of chronic
LBP [4].
Methodological considerations
The methodological quality of the studies was generally
poor. Many methodological criteria regarding the internal
validity of the studies were not fulﬁlled. Only two studies
fulﬁlled all 11 items [33, 63]. Blinding of the patient and
blinding of the care provider were not properly conducted
in many studies. Blinding of patients is also difﬁcult in
many RCTs investigating the effectives of exercise ther-
apy, back schools, education, behavioural treatment, and
multidisciplinary rehabilitation. The quality of future RCTs
in the ﬁeld of back pain should be improved to reduce bias
in systematic reviews and overviews, as it has been dem-
onstrated that statistical pooling of low quality trials results
in overestimation of treatment effects.
Overall, evidence provided from the meta-analyses in
this overview study was low. In the most analyses there
were serious limitations regarding the methodological
quality and in most analyses there was imprecision of data
because of sparse data and wide conﬁdence intervals.
Additionally, in some analysis there was a matter of
inconsistency because of heterogeneity. Therefore, further
research is very likely to have an important impact on our
conﬁdence in the estimate of effect and is likely to change
the estimate.
Strengths and limitations
Several biases can be introduced by literature search and
selection procedure. We might have missed relevant
unpublished trials, which are more likely to be small studies
with non-signiﬁcant results, leading to publication bias.
Screening references of identiﬁed trials and systematic
reviews may result in an over representation of positive
studies in the review, because trials with a positive result are
more likely to be referred to in other publications, leasing to
reference bias. Studies not published in English, Dutch, or
German were not included in this review. It is not clear
whether a language restriction is associated with bias [108].
Subgroups were pooled because of the clinical homo-
geneity. However, methodological heterogeneity occurred
in some of the comparisons between different interventions
strategies.
Only a small number of the studies were rated as high
quality and this may have led to an overestimation of
effect. Also, studies may lack information to assess quality
and clinical relevance. The only outcome measure used in
the majority of studies was pain intensity, limiting the
ability to report on other important outcomes. Because of
the relatively small number of studies pooled within the
different subgroups, it was not possible to conduct a sen-
sitivity analysis. However, with the GRADE method
applied, we have tried to account for the risk of bias found
in the different studies.
Implications for practice
The most promising interventions for a physical and
rehabilitation treatment in chronic LBP patients are a
multidisciplinary treatment or behavioural treatment. All
types of behavioural therapy were more effective in
reducing pain intensity than waiting list controls. Multi-
disciplinary treatment was found to be more effective in
reducing pain intensity compared to no treatment/waiting
list controls and active treatments (e.g. exercise therapy,
physiotherapy, and usual care), and sick leave is reduced at
short-term follow-up. Additionally, there are some indica-
tions that the addition of behavioural components can
reduce sick leave and costs due to sick leave. Also exercise
therapy reduced pain intensity and disability signiﬁcantly
compared to usual care.
Finally, there appeared to be insufﬁcient data to draw
ﬁrm conclusion on the clinical effect of back schools, low-
level laser therapy, patient education, massage, traction,
superﬁcial heat/cold, and lumbar supports.
Because of the lack of evidence and the conﬂicting
evidence on the effectiveness of different interventions
discussed in this review, only multidisciplinary treatment,
behavioural treatment, and exercise therapy should be
provided as conservative treatments in daily practice in the
treatment of chronic LBP.
Implications for research
To conclude, we identiﬁed 83 RCTs that evaluated treat-
ment effects for patients with chronic non-speciﬁc LBP.
Most of the studies included in this review showed metho-
dological deﬁciencies.
For future research the focus should be on high-quality
RCTs with sufﬁcient sample size to be able to draw ﬁrm
conclusions. Interventions under study should be the ones
which seem to be promising, but where evidence is still
Eur Spine J (2011) 20:19–39 35
123unclear or insufﬁcient, such as multidisciplinary treat-
ments, education, and exercise. For example, a large high-
quality study comparing exercise therapy and education
with a wait and see approach could give the evidence for
the effectiveness of exercise therapy compared to educa-
tion or a wait and see approach, and of education compared
to a wait and see approach. Additionally, comparing the
multidisciplinary approach to exercise therapy alone could
give insight in the additional value of the multidisciplinary
approach, which is probably more expensive than a single
exercise program. This also implies that cost-effectiveness
studies are needed to make a cost–beneﬁt consideration.
Finally focus in research on speciﬁc subgroups of LBP
patients for whom a certain intervention is most effective is
also needed. Some patients might respond better to exercise
therapy than others, but insight in the patient characteristics
of such a subgroup is still lacking.
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